SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD THEREOF 

BACKGROUND OF THE INVENTION 

Field of the Invention : 

This invention relates to a semiconductor device and its manufacturing method, 
5 specifically to a high voltage MOS (Metal Oxide Semiconductor) transistor with an 
increased driving capacity for a level shifter used in an LCD (Liquid Crystal Display) 
driver, an EL (Electro Luminescence) driver and the like. 
Description of the Related Art : 

A semiconductor device according to a conventional art will be explained 
10 hereinafter referring to a cross-sectional view of an LOCOS (Local Oxidation of Silicon) 
offset type high voltage MOS transistor shown in Fig. 9. 

A gate electrode 53 is formed on a first gate insulation film 52A and a second gate 
insulation film 52B on a semiconductor layer 51 of a first conductivity (P-type in this 
example), as shown in Fig. 9. An N+ source region 54 is formed adjacent one edge of the 
15 gate electrode 53. An N- drain region 56 is formed facing to the N+ source region 54 
across a channel region 55. And an N+ drain region 57 is formed within the N- drain 
region 56 and apart from the other edge of the gate electrode 53. A numeral 58 refers to a 
device isolation film. 

The second gate insulation film 52B is thicker than the gate insulating film of a 
20 normal voltage (e.g. 10V) MOS transistor. That is to say, for instance, the gate insulation 
film of the high voltage MOS transistor is about 120 nm thick while that of the normal 
voltage MOS transistor is about 15 nm thick. 

A LOCOS insulation film (the second gate insulation film 52B) is formed on the N- 
drain region in order to increase a maximum voltage applicable to the device by relieving 
25) an electric field concentration in that area. 

A weak inversion leakage current increases when the gate insulation film becomes 
thicker. Therefore raising a threshold voltage by forming an ion-implanted layer in the 
channel region is necessary in order to suppress the leakage current. 

However, on the other hand, when the threshold voltage is raised, a driving capacity 
30 of the transistor is reduced. 
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SUMMARY OF THE INVENTION 
This invention is directed to a semiconductor device with improved driving capacity 
and its manufacturing method. 

The semiconductor device of this invention has a gate electrode formed on a gate 
5 insulation film on a semiconductor layer, and source and drain regions formed adjacent the 
gate electrode, while the gate insulation film has three or more different thicknesses. 

The semiconductor device of this invention has a first gate insulation film formed 
by a selective oxidation and second gate insulation film formed by a thermal oxidation on 
the semiconductor layer. The gate electrode is formed across the first and the second gate 
10 insulation film, wherein the second gate insulation film consists of a plurality of gate 
insulation films of different thicknesses. 

The second gate insulation film consists of a thicker second gate insulation film and 
a thinner second gate insulation film, and the first gate insulation film is thicker than the 
thicker second gate insulation film. 
15 In a manufacturing process of the semiconductor device of this invention, which has 

the first gate insulation film formed by a selective oxidation and the second gate insulation 
film formed by a thermal oxidation of the semiconductor layer and the gate electrode 
fopned across the first and the second gate insulation films, the second gate insulation film 
is formed in the following steps. The thicker second gate insulation film is formed on the 
20 semiconductor layer. A predetermined area of the thicker second gate insulation film is 
removed. Then, the thinner second gate insulation film is formed bordering on the thicker 
second gate insulation film. 

In a manufacturing method of the semiconductor device of this invention, the 
second gate insulation film can be formed after the first gate insulation film is formed. 
251 In a manufacturing method of the semiconductor device of this invention, the 

second gate insulation film can be formed before the first gate insulation film is formed. 

A manufacturing method of the semiconductor device of this invention has a 
process to form a LOCOS insulation film by selective oxidation of a semiconductor layer 
with a mask of an oxidation resistant film formed on the semiconductor layer, a process to 
30 form a thicker gate insulation film bordering on the LOCOS insulation film after removing 
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the oxidation resistant film, a process to form a thinner gate insulation film bordering on the 
thicker gate insulation film by thermal oxidation after removing a predetermined portion of 
the thicker gate insulation film, a process to form a gate electrode across the thinner gate 
insulation film, thicker gate insulation film and the LOCOS insulation film and a process to 
5 form source and drain regions adjacent the gate electrode. 

A LOCOS insulation film is formed by selective oxidation of the semiconductor 
layer using an oxidation resistant film as a mask, after forming an insulation film or an 
insulation film and a polysilicon film on the semiconductor layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 
10 Fig. 1 is a cross-sectional view showing a device intermediate according to a 

manufacturing method of a semiconductor device of an embodiment of this invention. 

Fig. 2 is a cross-sectional view showing a device intermediate according to the 
manufacturing method of the semiconductor device of the embodiment, following the step 
of Fig. 1. 

15 Fig. 3 is a cross-sectional view showing a device intermediate according to the 

manufacturing method of the semiconductor device of the embodiment, following the step 
of Fig. 2. 

4 Fig. 4 is a cross-sectional view showing a device intermediate according to the 
manufacturing method of the semiconductor device of the embodiment, following the step 
20 of Fig. 3. 

Fig. 5 is a cross-sectional view showing a device intermediate according to the 
manufacturing method of the semiconductor device of the embodiment, following the step 
of Fig. 4. 

Fig. 6 is a cross-sectional view showing a device intermediate according to the 
25| manufacturing method of the semiconductor device of the embodiment, following the step 
of Fig. 5. 

Fig. 7 is a cross-sectional view showing a device intermediate according to the 
manufacturing method of the semiconductor device of the embodiment, following the step 
of Fig. 6. 

30 Fig. 8 is a cross-sectional view showing a device intermediate according to the 
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manufacturing method of the semiconductor device of the embodiment, following the step 
of Fig. 7. 

Fig. 9 is a cross-sectional view showing a conventional semiconductor device. 
DETAILED DESCRIPTION OF THE INVENTION 
5 A semiconductor device and its manufacturing method of an embodiment of this 

invention, applied to an N-channel MOS transistor for a level shifter, will be explained 
referring to the drawings. 

A manufacturing method of the semiconductor device will be explained hereafter. 
As shown in Fig. 1, a P-type semiconductor layer 2 is formed on a semiconductor 
10 (Si) substrate 1 of a first conductivity, e.g. P-type by a boron-ion implantation of 

lxl0 13 /cm 2 at an acceleration voltage of 80 KeV and a diffusion of the boron ions at about 
1200°C for 8hrs in a N2 atmosphere. 

As shown in Fig. 2, about 15nm of an insulation film 3 and about 50nm of a 
polysilicon film 4 are formed on an entire surface of the substrate, and then N-type 
15 impurities, e.g. 7xlO l2 /cm 2 of phosphorous ions, are implanted at an acceleration voltage of 
140 KeV with a mask of photo-resist 5 formed on the polysilicon film 4. With this, an ion 
implanted layer 6 is formed in a region to make the drain of the N-channel MOS transistor 
fof the level shifter. The insulation film 3 and the polysilicon film 4 are so called pad oxide 
film and pad polysilicon film for the LOCOS insulation film formation, which will be 
20 described later. 

Next as shown in Fig. 3, a device isolation film 8 A and a first gate insulation film 
8B, both made of the LOCOS insulation film, are formed by a selective oxidation of the 
substrate with a mask of a silicon nitride film 7 formed on the polysilicon film 4. The 
impurities in the ion-implanted layer 6 are diffused to form a low impurity concentration 
25i drain region (N- layer) 9 during the selective oxidation. The LOCOS insulation film may 
also be formed using only the pad oxide film, rather than using both the pad polysilicon 
film and the pad oxide film. 

Then about 120nm of thicker gate insulation film 10 (a part of a second gate 
insulation film) is formed by a pyrolytic oxidation of the surface of the substrate as shown 
30 in Fig. 4. 
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As shown in Fig. 5, a photo-resist film 1 1 is formed on the first gate insulation film 
8B and the thicker gate insulation film 10. Then a part of the insulation film 10, which is 
not covered by the photo-resist film 1 1 is removed, leaving thicker gate insulation film 1 OA 
adjacent the first gate insulation film 8B. 
5 And as shown in Fig. 6, a thinner gate insulation film 12 (the other part of the 

second gate insulation film) of 15nm in thickness is formed adjacent the thicker gate 
insulation film 1 OA by a pyrolytic oxidation of the substrate at about 850 °C followed by a 
thermal treatment at 900*0 for 1 Omin, after removing the photo-resist film 1 1 . The surface 
layer of the substrate under the gate insulation film 10A is oxidized to increase the 

10 thickness of the gate insulation film 10A a little during this process. 

P-type impurities for threshold voltage (the voltage of the onset of an inversion 
layer formation) control, e.g. Ixl0 12 /cm 2 of boron ions, are implanted into a portion under 
the region to form a gate electrode (under the thinner gate insulation film 12) at an 
acceleration voltage of 35KeV with a mask of photo-resist film (not shown in the figure). 

15 In this invention as described above, the ion implantation for threshold control is 

made only to the portion under the thinner gate insulation film 12 and not to a portion under 
the thicker gate insulation film 10A. Therefore an impurity concentration in the portion of 
thp P-type semiconductor layer 2 under the thicker gate insulation film remains low. 
Because of this low impurity concentration under the thicker gate insulation film, the 

20 maximum drain voltage applicable to the device can be significantly higher than that of the 
conventional structure. Furthermore, the thicker gate insulation film 10A can withstand a 
high voltage applied at the gate electrode and, thus, further contributes to a higher 
maximum voltage applicable to the device. 

The portion of the semiconductor layer 2 under the thinner gate insulating film 12 

25* I has a low threshold voltage because of the thinner insulation film and, thus, provides a large 
driving capacity of the device. The level of the threshold voltage is adjusted by the 
implantation of P-type impurities. 

The ion implantation for threshold control can be done with a self aligned method, 
i.e. not using the photo-resist, taking advantage of a difference in thickness between the 

30 gate insulation films 10A and 12. Furthermore, the ion implantation for threshold control 
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can be made to both portions under the gate insulation films 10A and 12. In this case, an 
impurity concentration profile difference due to the difference in thickness between the gate 
insulation films 10A and 12 assures a high maximum drain voltage in the portion under the 
thicker gate insulation film 10A and a threshold voltage controlled at a low level in the 
5 portion under the thinner gate insulation film 12. 

Then, as shown in Fig. 7, a phosphorous-treated polysilicon film having a thickness 
of about lOnm and a silicide film (tungsten silicide, WSix, film in this embodiment) having 
a thickness of about 15nm are formed on the entire surface of the substrate in this order. 
These two films are patterned using a mask of photoresist film (not shown in the figure) to 
10 form a gate electrode 15 consisting of the tungsten silicide 14 stacked on the polysilicon 
film 13. Portions of the thinner gate insulation film 12, which is not covered by the gate 
electrode 15, are, then, removed. 

Next as shown in Fig. 8, a high impurity concentration source region (N+ layer) 16 
located adjacent on edge of the gate electrode 15 and a high impurity concentration drain 
15 region (N+ layer) 16 located in an area apart from the gate electrode 15 through the first 
gate insulation film 8B are formed by implanting N-type impurities, e.g. 5xl0 15 /cm 2 of 
arsenic ions, at an acceleration voltage of 70 KeV using the device isolation film 8 A, the 
fiijst gate insulation film 8B and the gate electrode 15 as a mask. 

Furthermore, an interlayer insulation film 17, which is a stacked layer of NSG 
20 (Non-doped Silicate Glass) film and BPSG (Boro-Phospho Silicate Glass) film in the 
embodiment, is formed on the entire surface followed by a formation of a metal 
interconnect (Al film, Al-Si film or Al-Si-Cu film for example) 18, which contacts with the 
source and the drain regions 16 through contact holes formed in the interlayer insulation 
film 17. 

25| A passivation film (not shown in the figure) is formed on the entire surface to 

complete the semiconductor device of this invention. 

In the high voltage MOS transistor of the embodiment shown in Fig. 8, to which a 
high voltage is applied only at a drain, a high maximum voltage applicable to the device is 
secured in a portion of a thicker gate insulation film 10A by forming a drain side gate 

30 insulation film with the thicker gate insulation film 10A, while the threshold voltage is 
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controlled at a low level in a portion of a thinner gate insulation film 12. 

Including a LOCOS insulation film 8B which composes a LOCOS offset structure, 
the gate insulation films are made of three different films, i.e. the thicker gate insulation 
film 10A, thinner gate insulation film 12 and the LOCOS insulation film 8B. These three 
5 film each have different thickness and contribute to relieving electric field concentration. 

In this embodiment, as described above, a first gate insulation film 8B made of the 
LOCOS insulation film is formed first, and thicker gate insulation film 10A (a part of the 
second gate insulation film) is formed adjacent the first gate insulation film 8B, and a 
portion of the thicker second gate insulation film 10A is removed, and then the thinner 
10 second gate insulation film 12 (the other part of the second gate insulation film) is formed 
bordering on the thicker second gate insulation film. The order to form each of the 
insulation films 8B, 10A and 12 is not limited to the order described above, but there are 
some variations. 

That is, the second gate insulation film can be formed before the first gate insulation 
15 film, the order to form two films 10A and 10B forming the second gate insulation film can 
be reversed, fhe first gate insulation film 8B can be formed between the formations of the 
two films 10A and 10B and so on. 

{ Additionally, this invention can be applied to a P-channel MOS transistor for a level 
shifter, although an N-channel MOS transistor for a level shifter is introduced in the 
20 embodiment. 

Furthermore, this invention is not only applied to an MOS transistor for a level 
shifter, but also can be applied to an MOS transistor to which a high maximum drain 
voltage is required in general. 

Moreover, this invention is not only applied to a LOCOS offset type semiconductor 
25| device, but also can applied to other semiconductor device which secures a high maximum 
drain voltage while improving a driving capacity of a transistor taking advantage of the 
difference in thickness of a gate insulation film formed by thermal oxidation. 

According to this invention, by forming the gate insulation film with two or more 
thicknesses, the electric field concentration can be relieved in comparison to the 
30 conventional device. 
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By having a thicker gate insulation film and a thinner gate insulation film disposed 
on the semiconductor layer, a high maximum drain voltage can be applied to the device 
because of the thicker gate insulation film while the threshold voltage is controlled at a low 
level in the portion of the semiconductor layer under the thinner gate insulation film, 
5 leading to an improved driving capacity of the transistor. 

The above is a detailed description of a particular embodiment of the invention 
which is not intended to limit the invention to the embodiment described. It is recognized 
that modifications within the scope of the invention will occur to a person skilled in the art. 
Such modifications and equivalents of the invention are intended for inclusion within the 
1 0 scope of this invention. 
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